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A Study of Standardization for Establishing Integrated Infrastructure of
Underground Space Information and its Availability

Xet8t8E 8

o
rP.E

EE=Her A

o %k ¥ %k % %k % %k %k %k
MBS . ZQaPt - BT YolE

Seok, Cheol Ho - Kang, Yu Ra - Kang, In Joon - Jang, Yong Gu

Wﬂl

A, el o] AMEok Aol A Aok oR atska qlek. olek ) AsHETN
WL, S 0q 5o BARNSE S Fow 5t B odek oleld AMel A AshEhe shokt 4=
SRS o] F5E A0 diElm gch el ok Fel Aol XehARE Jlwa AuHe

4
2
>

Moo
44
KN

2ol o glef Lol olele Aotk Tednw Ask3nAnel SY Yol Aa AWelA Astyr
Eel 5 dlmet 7ae Sl BT DBREI} e Ugsolc) o & A 2 2o oy

o ASFIYR Qe 5 U HET B Y AT ATAT AAFHYR B HE
o Weomt A3 s, Aol LS, Zlﬂ%ﬁ*éi A wEE ANSHROH BEH AES 93
7 7\ge] AEAEIA ARRAE AT A3 £ BEHl 4F 5

iz

HABO| : ASHFARN, F, Amet FE

I o

Abstract

Today, the domestic construction area has changed from the ground development area to the underground space
development area. In addition, the problems of sprawling development and environmental pollution in the process of
developing underground space have become significant. In the circumstances, it is expected that the use of
underground space information, which helps to understand underground space, will be on the sharp rise. However,
the underground information in Korea is separately established and managed by each institution, and it is difficult
to use the information in an integrated way. Therefore, at the time when the information on underground space is
integrated, it is required to perform the integrated DB standardization in order to establish the integrated
infrastructure of underground space information. In this work, this researcher studied a plan of using the
standardization of the integrated infrastructure of underground space information. As a result, this work suggested
standardization of each geologic stratum, standardization of unit systems, and standardization of the connection of
underground space information regarding the standardization contents of underground space information integration.
To examine its availability, this researcher conducted a questionnaire survey with experts of each institution. As a
result, the suggested plan was found to be have high availability.
Keywords : underground space information, Integration, Infrastructure, Standardization
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Figure 1. Underground Space Information Combined Utilization System Conceptual Diagram

(source: Cooperative Meetings by Related Institutions for Underground Space Accidents)
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Grasp the present condition and structure of under
ground information DB

extract elements that integrated connection is possible

DB integration of underground information

Carry out standardization

-Standardization for Each Stratum
-Unit System Standardization
‘Connection Standardization

Suggest integrated DB standardization of underground
space information

Suggest Utilization of integrated standardization

Figure 2. Research Flow Chart
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Table 1, Current State for the Utilization of
Underground Space for Each Institution

Institutions The present condition of utilization

Utilize it in all the construction projects
ranging from planning of construction

KI(?T work including all kinds of public works
(Boring . .
: for construction of roads, bridges, and
Information) . . .
dams or housing construction to design,
construction, and maintenance.
KIGIM Utilize the profegsmnal information
(Geological related to geological features that
. ordinary persons cannot get easily in the
Information) . .
various fields using GIS technology.
KORES Utilize it the mineral resources,
(Coal Mine | environment, engineering construction,

Information) | safety, and mine examination fields.

Grasp the characteristics of rock floors
through underground water level and
geological columnar section of the
KWATER | applicable boring location, review
KR development-prearranged areas, the
(Underground | present condition of sea water

Water penetration and water level of areas of
Information) | interest, can review the present
condition of water quality, can predict
underground water content and the
quantity that it can be developed.
Utilize marine geographic information
KHOA . .
(Overseas more efficiently and synthetically by
. connecting it to the business system
Information)

related to its production and treatment.
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Table 2. Boring Information DB
Atticle Table Content Type Remarks
LOCATION ™ X NUMBER
™ ™Y NUMBER
LOCATION UIM N NUMBER
Location UM UTM E NUMBER
Info
LATITUDE | [O0rTO | NUMBER
LONGITUDE
LOCATION
LOCATION LONGITUDE NUMBER
Depth DEPTH
Info DFS INFO FROM NUMBER

G-
DEPTH
T0 NUMBER
HOLE CODE CHAR
PROJ NAME VARCHAR2
PROJ RANGE NUMBER
PROJECT OI{IOLE G
INFO NUMBER NUMBER
PROJ GOAL VARCHAR2
ROCK ROCK
LAYER LAYER VARCHAR2
INFO NAME
SOIL SOIL
LAYER LAYER VARCHAR2
INFO NAME
HOLE NAME | VARCHAR2
HOLE PURPOSE |VARCHAR2
HOLE EL NUMBER
HOLE
TOTAL NUMBER
DEPTH
HOLE
NUMBER
Attribute | HEADER WL
Info HOLE
INSPECTED VARCHAR2
BY
HOLE
BORING VARCHAR2
METHOD
HOLE
DIA VARCHAR2
LAYER
DEPTH NUMBER
FROM
LAYER
DEPTH NUMBER
LAYER TO
INFO LAYER
SCIENCE VARCHAR2
NAME
LAYER
SOIL VARCHAR2
COLOR
DEPTH SPT NUMBER
Test SPT SPT N NUMBER
Info SPT DEPTH NUMBER
HOLE CODE | VARCHAR2
ARAA|EATUY NFRR A9 ARgas
2 sk AR, Y- AW, AREE, Al
A7} TAE dlolguo]Az HEj=ar IStk
Table 3. Coal Mine Information DB
Article Table Content Type Remarks
Location PROJRGN
Tnfo PROJ RGN CODE CHAR
Depth DRIL LOC DRILPLN FLOAT

A208 A4z 20124 129
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LENGTH LTTD SC - NUMBER(3)
Info DRILCMP FLOAT ELEV - NUMBER(3)
LENGTH Denth DFH - NUMBER(10,2)
DRIL ELEN FLOAT If]‘f’o DIG DIAM - NUMBER(102)
DRIL DIR INT RWT CAP - NUMBER(13,3)
DRIL ANGLE INT \é’atelr NAT WILV - NUMBER(10,2)
evel
DRIL W | STBWILV - | NUMBER(102)
OCATIO CHAR
LOCATION POTA YN - CHAR(1)
DRIL DRIL -_ Water 0
INFO CORING Qﬁ?fl;ty STNUM DEAL YN 0:X CHAR(1)
DRIL START DATA LAST QW ISP RT| 1.0, 0: CHAR(1)
DRIL DATA _ _
COMPLETE Table 5. Geological Information DB
Attribute DRIL HOLENO | VCHAR? Article Table Content Type Remarks
Info DRIL CODE CHAR EAST
START CODE CHAR Location LATITUDE LONGITUDE X NUMBER
GEOLUNIT Info LONGITUDE NORTH
CODE CHAR LATITUDE Y
GEOLUNIT Depth - -
NAME VCHAR2 Info
GEOLUNIT Attribute LAYER Alluvium VCHAR2
INFO GEOLUNIT CHAR Info INFO Colluvium VCHAR
CLASS Test
GEOLUNIT Info ) )
AGE CHAR Shale CHAR
GEOLUNIT Sandstone CHAR
TYPE CHAR Sedimentary Conglomerate CHAR
SMPL TYPE CHAR Mixed clastic/coal CHAR
SMPLNO leest'one CHAR
VARCHAR2 Granite CHAR
TEXT Rock Igneous rock - -
Test SMPL CODE CHAR Info Foliated granite CHAR
Info SMPL Phylite CHAR
SMPL WIDTH Pebble bearing
SMPL DEPTH NUM Metamorphic Phlltitc CHAR
SMPL LENGTH NUM rock : .ROCk :
GLNOTE TYPE CHAR Bloutelgnélss CHAR
GEOLUNIT Amphibolite CHAR
Rock GEOL CLASS CHAR
Inf UNIT
" GEOLNT | A7be] 49143, S 14 R 50| DB} Bl
TYPE Aslem, E|HI AA- AAHEES A= =
Bejsha 919l
AlFEEAE 7o 2 AdE A Qlglom 2SR} 321919 € 7|He] RalertgEek= o2 2314
7 SHE DBR 2|5l Qlrk Zolo] AEFAo R Fa|E|T 9lom, 231 HHAR

Table 4. Underground Water Information(Kwater) DB

Atticle Table Content Type Remarks
LITD DG - NUMBER(3)
LITD MINT - NUMBER(3)
Location LITD SC - NUMBER(3)
Info LTTD DG ; NUMBER(3)
LTTD MINT ; NUMBER(3)
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Table 6. Underground Space Information

Standardization for Each Stratum

CODE NAME
GW Gravel with good grain size-sand mixed Soil
GP Gravel with bad grain size-and mixed soil Classification of stratum names
GM Silty gravel
[ Clagey gravel Stratum names
SW Gravel with good grain size Reclamation soil
ki Grawel with bad grain size .
™ Sy sad Deposit soil
¢ Clayey sand Colluvial soil
MH Inorgaric sit Mluvial soil
ML Incrganic sifl, Superfine fibres Residual soil
CH Inorganic clay of high plasticity " .
CL Inorganic clay Wealhering soil
[ Inorgaic clay of average plasticity Weathered rock
oL Organic sitt and sitty clay Weathered rock
PT Peat and high organic clay
RS Wealhefing soi Nomal rock
WR Weathered rock Hard rock
SR Soft rock
MR Normal rock
HR Hard rock
ol Super hard rock

Figure 3. Soil Stratum Information Standard(Draft)

S1.2. Alluvium

. s.Sedimentary rock S1. Unconsolidated Al 255 245 ©
Soil Stratum — & sediments  — sediments L=
Sss 255 255 255 UNs 255 255 255

$.1.2. Colluvium

Cov 255 245 0

5.2.1. Shale
sh 81 200 222

5.22. sandstone.
Ss 100 240 222

S. Sedi rock| | s2
Rock Layer |{ &sediments 1
sss 255 255 255

S.25. Limestone
Is 190 255 232

M1 Phyliite
Ph 160 160 160

M. Metamarphic rock
96 94 93

M2 i
phylitic rack
Sch 180 180 180

M3. Bictite gneiss
Bgn 180 180 220

Figure 4, Geological Information Standard (Draft)
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Classifi Boring Geological
cation Information Information
Reclamation soil
Deposit soil Colluvium
Soil Colluvial soil
Stratum Alluvial soil
Residual soil Alluvium layer
Weathering soil
Weathered rock
Rock Soft rock Sedimentary rock
Layer Normal rock
Hard rock Igneous rock
Super hard rock Metamorphic rock
50| A A=A HA L AT AoA LR A F
BB OfR AL /1% HEUE Aok
Figure 4= = dAbed Aol 4 AR 45 3
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A5 #5382 Table 63 Ltk

3.2 XIStZZHEE THoIMIA EEs
& GeldE Asleig Rl EE SUDBTES
A= SHEZEE v FRSIT wEbA,
;Low o EZskE 22519tk Table 7, 8- EH
FHE3 U T EAAIRY] AEEAE Y

Table 7. Triaxial Compression Test Unit System

Standardization
Soil Test
Article Construction use unit| Standardization
Adhesive power Mpa kef/cnt
Moisture o o
Content % %
Dry weight N/m3 kgf/cn
Saturation % %
Void ratio None None
Minimum
principal Mpa kgf/cnt
stress
Maximum
principal Mpa kgf/cnt
stress
Beginning
diameter m cm
Beginning
length m cm
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Table 8. Rock Triaxial Compression Test Unit System Table 9. Connection Standardization Mapping for

Standardization Each Institution
Rock Test | Under
Article Construction use unit | Standardization Boring Integration C(.)a ground
mine
Depth m -m Info DB Info water
Adhesive X Info
Mpa kgf/cm - ; X -
power Soil Soil Soil Soil
Internal . . stratum stratum stratum stratum
friction angle Reclamation Reclamation
" — <« - <« -
Tensile Mpa kef/c soil soil
strength Deposit soil | — | Deposit soil | < - — -
Diameter m cm Colluvial soil| — |Colluvial soil| <— - «— -
CLe?gfh m cm Allwvial soil | — | Alluvial soil | < | - |« | -
onimng Mpa kgf/cn Residual soil | — |Residual soil| < - — -
ressure
P - Weathering Weathering
Maximum , . — . — - «— -
Mpa kgf/cm soil soil
strength
Rock Rock Rock Rock
Layer Layer Layer Layer
o] FAFAIR N e @ EEIE ST HGe Granite
HojZEch diorite
G9IEE g 5 8 991 NmP S kgf/em? Rhyolite
o & walstar). Weathered | — | Sedimentary | <~ | gneiss | < |Sedimenta
rock rock Topsoil ry rock
- = Limest
3.3 XIBIBZHYE A BES -
o s olostone
AeE FZIE VIR ZF Ve A xE3E Sk
_ = S _ _ - arn
913t vjgTableS 5313t ¢ DB}E o] AlEs] A dosite
L SR A B masE Ane Agy Sof e
olof st} wbA, BF AR TEL e A B rock Shie
=57} o] FojAof sh, o]F ffll & AFlM= D [ Normal rock | — | Granite | < | Tgncous
A B 4R AT IR hPTabled 23k fencous rock| e rock
Table 9+= 7] A F3} wHTableS HojErh Hard syenite.
o YRS, HHES BHES, FHES O rock Basalt
AES, FUNESTS 702 AFAE, SAH, %5t Quartzite
THE 3T o= AHE A - A Tables chert
ZLA) 5} or= o ZoF FlAJoF "W AJorS. 712 .
2Hdskoitt. o AA| E]—‘ﬂ o, IS, WAL VE Super — | Metamorphic | < - )
o2 7t 7)grd AA WA Tabled AStGch hard rock rock Fracture | <~ | Greis
zone
3.4 X|st37tHE S8 DBRES}
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Table 10, Underground Space Information Combined
DB Standardization

=)
o] cioret Hopo] 3 4L o- ol Asle} A

Article Standardizatio | Attribute Twe  |Remark T8k, & 1089 oA Este] 84S FEst
€marks . -
n Info P 9tk Figure 59| HEZA} —36194 g A,
Reclamation . . B83}ko 25127 Q.
1 sand mixed soil| VARCHAR2 12¥1E5-2 AlssiHdH DB#ES}; 159 &-gawt
D. so'lt il [sand mixed soil| VARCHAR2 o Eeel v S 6}01 o 3URER DB
CposSIt SOl [sand miX 1 =
Soil [P SO S TEEC 50 E3}o] w2 7t 7|9 e Btﬂiu Data®4] A
ratum Colluvial soil | Silty gravel | VARCHAR2 B 4WEES 25271 DBEZSA olE A
Stra : - il — Ao L il
Tnfo Alluvial soil | Clayey gravel | VARCHAR2 e ?:; _ : e o OU
. R B == 1= o ZAL ORX|a
Residual soil | Silty sand | VARCHAR2 T} F7FER O SIS A mpARes SHl
Weathering |, i | vare oA o= &olollA &-840] 7HE =2AE =4
. ayey san HAR2 -
soil skich
Sl | CHAR Table 124 #3137V 553 DBEES} B3I}
Igneous rock CHAR T3 AEAD otk
. Metamorphic
Sedimentary P CHAR
rock rock Question 1) Do you think which function of the utilization effects will be higher If integrated
. DB and ization of ur space on is built?
MlXed CHAR @ Information provision and management of underground space @ Its utiization as
clastic/coal reference data in establishment of plans @ search/provision of underground water levels
L_ " CHAR @ Utilization of geologic characteristics-based underground information @ Others
1mestone
. Question 2) Do you think how much integrated DB standardization of underground space
Rock Granite CHAR information can be utlized?
Layer lgneous rock Foliated @ very much @ can be utiized @ can be a littie bit utiized @ average © cannot be
CHAR utilized
Info granite
Phylllte CHAR (;ueztio; 3[))500 you r:ningk :mait chan;es vofdmeDgatab form i.s lTIOS{ effectivevif th? national
andart is changet [0 customize y institution to provide integrated
o standardization information of the customized underground space information by institution?
Pebble bearing
hylliti CHAR @ CAD file fom @ Image file fom @ Text file form @ Web text form (XML) ©
. phyllitic Others
Metamorphic
rock rock Question 4) Do you think which information is more effective if it is added in integrated
10t standardization of underground space information?
Biotite
. CHAR ® Underground water level information @ Soil stratum and bedrock distribution chart @
gNneiss N value distribution chart by depth @ Test information @ Others
Amphlb()hte CHAR Question 4) Do you judge which field's utilization is higher in the result of integrated
standardization result of underground space information?
Shale CHAR ® Environmental conservation and disaster prevention field @ construction plans and
Igneous rock CHAR selection of mjor positions @ Academic research @ Construction and maintenance ~ ®
g
Sedimentary | Conglomerate CHAR cnee
Under rock Mixed CHAR Figure 5. Survey form
ground clastic/coal N
water Limestone CHAR Table 11, Survey Participants
Info Granite CHAR Institutions Name Survey(Number)
Igneous rock —— ; - Y
Foliated granite| CHAR Public Institutions 3
. Metamorphic construction firm 2
Gneiss rockrp CHAR Researcher 3
SPT SPT N NUMBER University 2
CLASSIFI SIEVE
Test NUMBER
Tnfo CATION ANALYSIS Table 12, Survey Results
CONSOLIDA :
TION CU NUMBER The number of selection by answer
Question item

A208 A4z 20124 129

@ ® @ ®

A=~
— o]~
—

bW~
wo|N|a|w|E
Qlu o] v




B
_?L
ofd
)
ox
f
offt
%
ro,
I
A
-
A
o
do
o
B3|

~

m Question 1 Answer article
W Question 2 Answer article

Question 3 Answer article

Choice Number

M Question 4 Answer article

= Question 5 Answer article

Survey Article

Figure 6, Statistical Results
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Figure 7. Underground space cross sectional Diagram
for Each Stratum
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Figure 8. N-figure Information Mapping

Figure 9. Underground Water Modelling
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Table 13. Underground Space Information Combined

Standardization Expectation Effect

et -

Field Expectation Effect

* Can build and provide underground space
models by realizing figures by stratum of
soil stratum and rock formations

* Develop, use, and manage national land
effectively

Construction |* Plan city construction and construct
foundation to select facilities' position

* Design by information analyses of N
value and engineering surface analyses
and economic cost reduction of
construction fields

* Select optimal location of underground

Facility facility laying
management |* Maintain underground and ground
structures and reduce damage
* Manage left balls through analyses of
underground water level
. * Environmental preservation by prevention
Environment

of thoughtless boring

* Disaster prevention by utilizing
underground space information

* Prompt response and restoration when
disasters occur

and disaster
prevention
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